The taxonomic status of five actinomycete strains, 3-28 (8) T , 4-20(13), 3D-70 (20), 5-81(36) and 3D-72(35) T , isolated from sandy soil was studied using the polyphasic approach. All isolates produced branching substrate mycelia and developed spherical spore vesicles on aerial hyphae containing non-motile spores. They contained meso-diaminopimelic acid and the N-acetyl type of peptidoglycan. The predominant menaquinones were MK-9(H 4 ) and MK-9(H 6 ). Madurose, mannose, ribose, galactose and glucose were detected in the whole-cell hydrolysate. The diagnostic phospholipids were phosphatidylethanolamine and ninhydrin-positive phosphoglycolipids, and iso-C 16:0 and 10 methyl C 17:0 were detected as the major cellular fatty acids. These morphological and chemotaxonomic data were related to those of the genus Streptosporangium in the family Streptosporangiaceae. Phylogenetic analysis based on 16S rDNA sequence data suggested that the strains belong to the family Streptosporangiaceae, but not to any known genus, and form a monophyletic clade with Streptosporangium viridialbum and ''Streptosporangium cinnabarinum''. The signature nucleotides of the members of this clade are different from those of any known genera of the family Streptosporangiaceae. On the basis of phylogenetic analysis and the characteristic patterns of signature nucleotides as well as the morphological and chemotaxonomic data, the genus Sphaerosporangium gen. nov. is proposed for our five isolates and the type strains of Streptosporangium viridialbum and ''Streptosporangium cinnabarinum''. DNA-DNA hybridization and phenotypic characterization indicate that the new genus comprises four species, Sphaerosporangium melleum sp. nov. with the type strain 3-28(8) 
INTRODUCTION
The family Streptosporangiaceae was described for the redefined maduromycete group 1) . At present, the Streptosporangiaceae, as amended by Stackebrandt et al. 2) , includes the following genera: Streptosporangium 3) , Planomonospora 4) , Microtetraspora 5) , Planobispora 6) , Planotetraspora 7) , Herbidospora 8) ,
, Nonomuraea 9) and Acrocarpospora 10) . The chemotaxonomic properties of the genera in this family are more or less similar except for the menaquinone composition of the genus Herbidospora. The genera are distinguished by morphological features including the existence of spore vesicles (sporangia) and the number of spores per spore vesicle or chain. Members of the family have cell wall type III, whole-cell sugar pattern B or C, fatty acid pattern 3c, major menaquinone MK-9(III, VIII-H 4 , H 6 , H 2 , H 0 ) and phospholipid type PIV. The genus Streptosporangium develops stable, branched mycelia and produces globose spore vesicles (usually 10 mm in diameter) on aerial mycelia. Sporangiospores are formed by septation of coiled, unbranched hyphae within the sporangium. A comparative taxonomic study and phylogenetic analysis of Streptosporangium species indicated taxonomic heterogeneity of the genus Streptosporangium 10, 11) . It was reported that the taxonomic position of Streptosporangium viridialbum and ''Streptosporangium cinnabarinum'' remains ambiguous from the viewpoint of 16S rDNA sequences 10, 12) . Five actinomycete strains that formed spherical spore vesicles on aerial mycelia were isolated from soil. Phylogenetic analysis based on 16S rDNA sequences indicated that the isolates were distinct from previously described genera, but closely related to S. viridialbum and ''S. cinnabarinum''. In this paper, we describe the morphological, physiological, chemotaxonomic and phylogenetic characterization of strains 3-28 (8) T , 4-20 (13) , 3D-70(20), 5-81 (36) and 3D-72 (35) T , S. viridialbum and ''S. cinnabarinum'', and propose the new genus Sphaerosporangium gen. nov., with Sphaerosporangium melleum sp. nov., Sphaerosporangium rubeum sp. nov., Sphaerosporangium cinnabarinum sp. nov. and Sphaerosporangium viridialbum comb. nov.
MATERIALS AND METHODS

Strains 3-28(8)
T , 4-20 (13) , 3D-70 (20) , 5-81(36) and 3D-72 (35) T were isolated from sandy soil collected at a forestside waterfall in Chokoria, Cox's Bazar, Bangladesh. The strains were isolated using the dilution plate method with humic acid-vitamin (HV) agar 13) supplemented with cycloheximide (50 mg l À1 ), nystatin (50 mg l À1 ) and nalidixic acid (20 mg l À1 ) 14) . After 21 days of aerobic incubation at 30 C, the strains were transferred and purified on yeast extract-malt extract agar [ T were grown on tap water agar, HV agar and sucrose-nitrate agar (Waksman no. 1) at 30 C for 21 days and then observed by light and scanning electron microscope (model S-2400; Hitachi, Tokyo, Japan). Motility was observed with a light microscope using cells grown on agar medium at 30 C for 21 days and then incubated at 28 C for 30-60 min in yeast-starch broth (NYS) (JCM medium no. 61) and ISP-2 broth. The sample for scanning electron microscopy was prepared as described by Itoh et al. 15) and Ara & Kudo 14) . For culture characterization, the isolates were grown for 21 days at 30 C on various agar media as described by Waksman 16) , Shirling & Gottlieb 17) and Asano & Kawamoto 18) . The Colour Harmony Manual 19) was used to determine the names and designations of colony colours. The temperature range and NaCl tolerance for growth were determined on yeast-starch agar. Utilization of carbohydrates as sole carbon sources was tested by using neutralized yeast nitrogen base without amino acids as a basal medium according to the method of Stevenson 20) . Production of melanoid pigments was examined using tyrosine agar (ISP medium 7).
The freeze-dried cells used for chemotaxonomic analysis were obtained from cultures grown in yeast-starch broth on a rotary shaker at 30 C. The isomers of diaminopimelic acid (A 2 pm) in the cell wall peptidoglycan were determined by TLC as described by Staneck & Roberts 21) . Reducing sugars from whole-cell hydrolysates were analyzed by the HPLC method of Mikami & Ishida 22) . The Nacyl group of muramic acid in peptidoglycan was determined by the method of Uchida & Aida 23) . Phospholipids in cells were extracted and identified by the method of Minnikin et al. 24) . Methyl esters of cellular fatty acids were prepared and analyzed according to the instructions of the Microbial Identification System (Sherlock Microbial Identification System; MIDI, Hewlett Packard, Palo Alto, CA, USA) 25) . Isoprenoid quinones were extracted by the method of Collins et al. 26, 27) and were analysed using an HPLC system equipped with a Cosmosil 5C 18 column (4:6 Â 150 mm; Nacalai Tesque, Kyoto, Japan) 28) and mass spectrometry (Shimadzu GCMS QP 5050). Preparation and detection of methyl esters of mycolic acids were performed as described by Tomiyasu 29) . Genomic DNA extraction, PCR-mediated amplification of the 16S rRNA gene and sequencing of the PCR products were performed as described by Nakajima et al. 30) . The sequences were multiply aligned with selected sequences (Fig. 2) obtained from the GenBank/EMBL/DDBJ databases using the CLUSTAL X program 31) . The alignment was manually verified and adjusted before construction of a phylogenetic tree. The phylogenetic tree constructed by the neighbour-joining method 32) in the PAUP program (version 4.0 b10) 33) was based on a comparison of 1223 nucleotides present in all of the strains following elimination of gaps and ambiguous nucleotides from the sequences between positions 34 and 1491 (Escherichia coli position number), and Nocardia dassonvillei was used as an outgroup. The confidence values for branches of the phylogenetic tree were determined using bootstrap analyses based on 1000 re-samplings 34) . Signature nucleotides in the 16S rRNA gene of new taxon and members of the family Streptosporangiaceae were determined after manual verification of the CLUSTAL X alignment of the sequences, and the nucleotide positions were numbered according to the corresponding position in the 16S rRNA sequence of E. coli 35) . DNA was isolated from biomass by the method of Tamaoka 36) and Saito & Miura 37) with minor modification as follows: achromopeptidase crude (Wako Pure Chemicals), N-acetylmuramidase SG (Seikagaku Kogyo) and lysozyme were used to lyse the cells 38) . Cells that failed to be lysed by these enzymes were freeze-dried and mechanically ground as described by Raeder & Broda 39) . The G+C content of the DNA was determined using the HPLC method of Tamaoka & Komagata 40) . An equimolar mixture of nucleotides for analysis of DNA base composition (Yamasa Shoyu, Choshi, Japan) was digested by bacterial alkaline phosphatase and used as the quantitative standard. DNA-DNA relatedness was measured fluorometrically using the microplate hybridization method devised by Ezaki et al. 41) . Hybridization was performed at 55 C for 2 h.
RESULTS AND DISCUSSION
The almost complete 16S rDNA sequences (1503, 1508, 1498, 1499 and 1502 nt) of strains 3-28(8) T , 4-20(13), 3D-70(20), 5-81(36) and 3D-72 (35) T were determined. The phylogenetic position based on the 16S rDNA sequence of all of the isolates was within the confines of the family Streptosporangiaceae, adjacent to S. viridialbum and ''S. cinnabarinum'', which occupy a phylogenetic position distinct from other species of Streptosporangium 10, 12, 42) ( Fig. 2) . The sequence similarities among these strains ranged from 96.8% to 98.7%. The strains 3-28 (8) T , 4-20(13), 3D-70(20), 5-81(36) and 3D-72 (35) T were morphologically most closely related to the genus Streptosporangium, and these organisms showed 94.7-95.8% 16S rDNA similarity with this genus. Strains 3-28 (8) T , 4-20(13), 3D-70(20), 5-81(36) and 3D-72 (35) T showed 93.9-97.5% 16S rDNA similarity with other genera of the family Streptosporangiaceae. On the basis of the phylogenetic data as well as the chemotaxonomic data (Tables 1 and 2) , it is evident that these strains should be classified in a new genus. S. viridialbum and ''S. cinnabarinum'' contain all of the typical characteristics of the genus Streptosporangium, but have a different phylogenetic position that is yet to be determined.
The results of DNA-DNA hybridization among strains 3-28 (8) T , 4-20(13), 3D-70(20), 5-81(36) and 3D-72(35) T , ''S. cinnabarinum'' and S. viridialbum are shown in Table 3 . The high DNA relatedness (83-98%) indicates that strains 3-28 (8) T , 4-20(13), 3D-70(20) and 5-81(36) are the same species under the new taxon Sphaerosporangium, and their morphological features are also similar to each other. The low level of DNA relatedness between the isolate 3D-72 (35) T and ''S. cinnabarinum'' and S. viridialbum indicate that 3D-72 (35) T and ''S. cinnabarinum'' are new species and S. viridialbum is new combination under the genus Sphaerosporangium. It was reported by Wayne et al. 43) that DNA-DNA relatedness has a 70% cut-off point for the delineation of genomic species. Based on culture, physiological and chemotaxonomical characteristics, we propose the classification of three new species for the strains 3-28 (8) T , 3D-72(35) T and ''S. cinnabarinum'' and one new combination for S. viridialbum under the new genus Sphaerosporangium gen. nov. (Table 1) . Table 2 summarizes the characteristics of the new genus and other members of the family Streptosporangiaceae. Menaquinone (s) MK-9 MK-9 MK-9 MK-10 MK-9 MK-9 MK-9 MK-9 MK-9 MK-9 (III, VIII-
Signature nucleotides in the 16S rRNA gene of the new taxon and members of the family Streptosporangiaceae are shown in Table 4 . The 16S rDNA sequence of strains 3-28 (8) T and 3D-72 (35) T , S. viridialbum and ''S. cinnabarinum'' contain all of the 16S rDNA signature nucleotides defined for the suborder Streptosporangineae . It is evident from our study that, of the 12 signatures defined for the family Streptosporangiaceae T were Gram-positive, non-acid-fast, aerobic organisms with branched hyphae. A non-fragmenting substrate mycelium was formed. Morphological observations by light microscope of a 21-day-old culture grown on oatmeal-nitrate, sucrose-nitrate, Hickey-Tresner or 1/5 yeast-starch agar revealed the presence of single or clustered spherical spore vesicles on aerial hyphae. Observation by scanning electron microscope indicated that the spherical structures were variable in size ($1.5-8.0 mm) (Fig. 1) . Spores in the spore vesicles were non-motile and formed by the separation of unbranched hyphae within the spore vesicle. The spores were oval or spherical in shape with a smooth, wrinkled and prominently ridged surface. The surfaces of the spherical bodies were smooth at first, becoming wrinkled as the spores developed. Similar morphological features are observed in S. cinnabarinum and S. viridialbum. Although morphology is the sole criterion used to distinguish genera in the family Streptosporangiaceae, the morphological characteristics and spore development of our isolates were similar to those of members of the genus Streptosporangium with respect to the formation of sporangia on aerial mycelia 1,2) ( Table 2 ). The physiological properties of strains 3-28 (8) T , 4-20 (13) C and pH 5-9, and none could grow on 3% NaCl.
Chemotaxonomic properties have been found to make an important contribution to the polyphasic approach to bacterial systematics, especially in the circumscription of phylogenetically coherent actinomycete taxa 44, 45) . The family Streptosporangiaceae is mainly defined by chemotaxonomy, and our isolates 3-28 (8) T , 4-20(13), 3D-70(20), 5-81(36) and 3D-72 (35) T shared chemotaxonomic characteristics with members of this family as follows. Their cell walls contained meso-diaminopimelic acid and glucose, madurose and mannose as the major whole-cell sugars in addition to small amounts of ribose and galactose, indicating a whole-cell sugar pattern B according to Lechevalier & Lechevalier 46) . The major menaquinones MK-9(III, VIII-H 4 ) and MK-9(H 6 ) and small amounts of MK-9(H 2 ), MK-9(H 0 ) and MK-9(H 8 ) were present. The predominant menaquinone pattern of our isolates differed from that of other genera of the family Streptosporangiaceae, which have tetrahydrogenated, dehydrogenated and unsaturated menaquinones with nine isoprene units [MK-9(III, VIII-H 4 ), MK-9(H 2 ) and MK-9(H 0 ), respectively, except for the genus Herbidospora, which has MK-10(III, IX-H 4 ,H 6 ,H 2 )] ( Table 2) . Tetrahydrogenation occurs at the sites of . The position of tetrahydrogenation in Gram-positive bacteria is generally at the sites of units II and III 47, 48) . Although there is some difference between the predominant menaquinone patterns of previously described members of the family Streptosporangiaceae and our isolates, the saturation of tetrahydrogenated menaquinones occurs in the same position. The strains contained iso-C 16:0 and 10 methyl C 17:0 as the major cellular fatty acids, with small amounts of saturated fatty acid C 15:0 , C 16:0 , C 17:0 , unsaturated fatty acid C 17:1 , iso-C 15:0 , C 17:0 , C 14:0 , C 18:0 , anteiso-C 15:0 , C 17:0 and 10 methyl fatty acids C 16:0 . The fatty acid pattern corresponds to fatty acid type 3c of Kroppenstedt 49) . Mycolic acids were absent. Phosphatidylethanolamine, diphosphatidylglycerol, ninhydrin-positive phosphoglycolipids and phosphatidylinositol mannosides were detected but phosphatidylglycerol, phosphatidylinositol and phosphatidylcholine were not detected, corresponding to phospholipid type PIV of Lechevalier et al. 50) . The acyl type of the cell wall polysaccharides was acetyl. The G+C content of the DNA was 70-72%.
In our study, ''S. cinnabarinum'' and S. viridialbum were found to be species with morphological features similar to those of the genus Streptosporangium. They showed some differences in major menaquinones and fatty acid profile (Table 1) . ''S. cinnabarinum'' possessed MK-9(H 4 ), MK-9(H 6 ) and MK-9(H 2 ) and S. viridialbum possessed MK-9(H 4 ), MK-9(H 2 ) and MK-9(H 0 ); the major fatty acid profile was branched iso-C 16:0 (49.4%) and 10 methyl C 17:0 (17.5%) for ''S. cinnabarinum'' and branched iso-C 15:0 (20.2%), saturated C 17:0 (13.1%), C 15:0 (11.2%) and branched iso-C 16:0 (11.5%) for S. viridialbum (Table 1) . In contrast, all Streptosporangium species are characterized by the presence of MK-9(H 2 ), MK-9(H 4 ) and MK-9(H 0 ) as the major menaquinones 47, 51) , n-C 17:1 as the major fatty acid component, and small amounts of anteiso-C 15:0 , anteiso-C 17:0 , iso-C 15:0 and iso-C 17:0
49)
. Phosphatidylethanolamine, diphosphatidylglycerol, ninhydrin-positive phosphoglycolipids and phosphatidylinositol mannosides are detected but phosphatidylglycerol, phosphatidylinositol and phosphatidylcholine are not detected, corresponding to phospholipid type IV of Lechevalier et al. 50) . Madurose is the whole-cell sugar 42) . Although the isolates and ''S. cinnabarinum'' and S. viridialbum therefore differ in some chemotaxonomic characteristics, they appear to be closely related to each other. The results of morphological observation and phylogenetic analysis indicate that they belong to the same group.
The distinctness of 16S rDNA sequences, the phylogenetic position and the specific signature nucleotide patterns of strains 3-28 (8) T , 4-20 (13) 
72(35)
T , ''S. cinnabarinum'' and S. viridialbum differentiate them from known actinomycetes belonging to the family Streptosporangiaceae, and for this reason these isolates could merit new genus status.
Description of Sphaerosporangium gen. nov. Sphaerosporangium (S.pha.ero.spo.ran.gium. Gr. adj. Sphaero globose, spherical; Gr. fem. n. spora a seed, spore; Gr. n. argeion vessel; sporangium pl. sporangia, spore-bearing. N.L. n. Sphaerosporangium an organism with globose or spherically shaped, spore-containing vessels, i.e. sporangia).
The cells are Gram-positive and form branching hyphae. Non-fragmentary substrate mycelia are present. Spherically shaped structures are borne on aerial mycelia. These structures contain coiled spore chains. The spores are oval or spherical (0.4-0.9 Â 0.6-1.2 mm) with a smooth, wrinkled and prominently ridged surface and are non-motile. The organism is aerobic, grows well at 20-37 C and pH 5-9, and could not grow on 3% NaCl. It shows good growth on yeast extract-starch agar, Bennett agar and oatmeal agar. In general, the vegetative mycelia are pale to brown-yellow and the aerial mycelia are white. Melanin pigment production is negative. The cell wall contains mesodiaminopimelic acid; the wall chemotype is III. Madurose, glucose and mannose are detected as the major whole-cell sugars in addition to small amounts of ribose and galactose, indicating that the whole-cell sugar pattern is B. The major menaquinones are MK-9(H 4 ) and MK-9(H 6 ), and small amounts of MK-9(H 2 ), MK-9(H 0 ) and MK-9(H 8 ) are present. In general, the major cellular fatty acids are iso- phatidylinositol and phosphatidylcholine are not detected (phospholipid type PIV). The genus is placed in the family Streptosporangiaceae on the basis of the phylogenetic position of the strains based on their distinct 16S rDNA sequences. All family-specific nucleotide signatures are present except for a G-C pair at position 1012-1017 instead of an A-U pair. The acyl type of the cell wall polysaccharides is acetyl. The G+C content of the DNA is 70-72%. The type species is Sphaerosporangium melleum.
Description of Sphaerosporangium melleum sp. nov. Sphaerosporangium melleum (me.lle.um. N.L. n. adj. melleum honey coloured). Morphological, chemotaxonomic and general characteristics are as given above for the genus descriptions. The organism shows good growth on yeast extract-starch agar, yeast extract-malt extract agar, glucose-yeast extract agar, Bennett agar and oatmeal agar, moderate growth on glucose asparagine agar, Hickey-Tresner agar, 1/5 yeast extract-starch agar, oatmeal-nitrate agar and humic acidvitamin agar, and poor growth on glycerol-asparagine agar, inorganic salts-starch agar, tyrosine agar, nutrient agar, tap water agar and sucrose-nitrate agar. Abundant sporulation occurs on tap water agar, sucrose-nitrate agar, inorganic salts-starch agar agar and 1/5 yeast extract-starch agar. The vegetative mycelia are light wheat to honey gold in colour and the aerial mycelia are white. Glycerol, erythritol and myo-inositol are poorly utilized. The major menaquinones are MK-9(H 4 ) and MK-9(H 6 ), and small amounts of MK-9(H 2 ), MK-9(H 8 ) and MK-9(H 0 ) are present. The major cellular fatty acids are iso-C 16:0 (47.6%) and 10 methyl C 17:0 (15.8%), with small amounts of iso-C 15:0 (8.0%), saturated fatty acid C 15:0 (3.6%), C 16:0 (3.0%), C 17:0 (3.0%), anteiso-C 17:0 (3.3%) and 10 methyl fatty acids C 16:0 (3.5%). The G+C content of the DNA is 71%. The habitat is soil. The type strain is 3-28(8)
Description of Sphaerosporangium rubeum sp. nov. Sphaerosporangium rubeum (ru.be.um. N.L. n. adj. rubeus red coloured). Morphological, chemotaxonomic and general characteristics are as given above for the genus descriptions. The organism shows good growth on yeast extract-starch agar, yeast extract-malt extract agar, glucose-yeast extract agar, Bennett agar, Hickey-Tresner agar and oatmeal agar, moderate growth on inorganic salts-starch agar, nutrient agar, 1/5 yeast extract-starch agar, oatmeal-nitrate agar and humic acid-vitamin agar, and poor growth on glucose asparagine agar, glycerol-asparagine agar, tyrosine agar, tap water agar and sucrose-nitrate agar. Scanty sporulation occurs on humic acid-vitamin agar, sucrose-nitrate agar, oatmeal-nitrate agar and water agar. The vegetative mycelia are light coral pink to coral red in colour and the aerial mycelia are white. Glycerol, erythritol, adonitol, myo-inositol and D-raffinose are poorly utilized. The major menaquinones are MK-9(H 6 ) and MK-9(H 4 ), and small amounts of MK-9(H 2 ), MK-9(H 8 ) and MK-9(H 0 ) are present. The major cellular fatty acids are iso-C 16:0 (14.6%), 10 methyl C 17:0 (12.9%), saturated C 15:0 (12.3%), C 16:0 (10.3%) and C 17:0 (10.8%), with small amounts of iso-C 15:0 (6.7%), anteiso-C 15:0 (5.0%), anteiso-C 17:0 (4.6%), 10 methyl C 16:0 (3.0%) and C 17:0 (3.1%). The G+C content of the DNA is 71%. The habitat is soil. The type strain is 3D-72 (35) T (=JCM 13067
Description of Sphaerosporangium cinnabarinum sp. nov. Sphaerosporangium cinnabarinum {(cin.na.bari.num. N.L. adj. cinnabarinus of cinnabar, referring to the vermilion (bright red) colour of vegetative mycelium and diffusible pigment)}. Morphological, chemotaxonomic and general characteristics are as given above for the genus. The organism shows good growth on oatmeal agar and yeast extract-starch agar, moderate growth on glucose asparagine agar, inorganic salts-starch agar, Bennett agar, glucose-yeast extract agar, 1/5 yeast extract-starch agar, oatmeal-nitrate agar and humic acid-vitamin agar, and poor growth on yeast extractmalt extract agar, Hickey-Tresner agar, nutrient agar, glycerol-asparagine agar, tyrosine agar, tap water agar and sucrose-nitrate agar. Sporulation occurs on sucrosenitrate agar, oatmeal-nitrate agar and humic acid-vitamin agar. The vegetative mycelia are light wheat to melon yellow in colour and the aerial mycelia are white. Glycerol, erythritol, adonitol and D-mannitol are poorly utilized. The major menaquinones are MK-9(H 4 ) and MK-9(H 6 ), and small amounts of MK-9(H 2 ), MK-9(H 8 ) and MK-9(H 0 ) are present. The major cellular fatty acids are iso-C 16:0 (49.4%) and 10 methyl C 17:0 (17.5%), with small amounts of unsaturated C 17:1 (!8c) (5.0%), saturated C 15:0 (4.1%), C 17:0 (3.7%) iso-C 15:0 (3.0%), anteiso-C 15:0 (5.0%) and anteiso-C 17:0 (3.5%). The G+C content of the DNA is 70%. The habitat is soil. The type strain is JCM 3291 T (=DSM 44094 T ). Descriptions of this taxon have been published previously by Nonomura & Ohara 52) and Nonomura 53) . The descriptions below are based on our study. Morphological, chemotaxonomic and general characteristics are as given above for the genus. The organism shows good growth on oatmeal agar, Bennett agar, glucose-yeast extract agar, Hickey-Tresner agar and yeast extract-starch agar, moderate growth on nutrient agar, yeast extract-malt extract agar, 1/5 yeast extract-starch agar, oatmeal-nitrate agar and humic acid-vitamin agar, and poor growth on glucose asparagine agar, inorganic salts-starch agar, glycerol-asparagine agar, tyrosine agar, tap water agar and sucrosenitrate agar. The vegetative mycelia are light wheat to bamboo yellow in colour and the aerial mycelia are white. Sporulation occurs on oatmeal agar, Hickey-Tresner agar, sucrose-nitrate agar, 1/5 yeast extract-starch agar, oatmealnitrate agar and humic acid-vitamin agar. Glycerol, erythritol and D-raffinose are poorly utilized. The major menaquinones are MK-9(H 4 ) and MK-9(H 2 ), and small amounts of MK-9(H 0 ) and MK-9(H 6 ) are present. The major cellular fatty acids are iso-C 15:0 (20.2%), saturated C 17:0 (13.1%), C 15:0 (11.2%), iso-C 16:0 (11.5%) and unsaturated C 17:1 (!8c) (10.3%), with small amounts of 10 methyl C 17:0 (8.4%) and saturated C 16:0 (6.9%). The G+C content of the DNA is 72%. The habitat is acidic volcanic ash. The type strain is JCM 3027
T (=DSM 43801 T ).
